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lost frame is a non-multi-harmonic frame, calculating MDCT
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1
FRAME LOSS COMPENSATION METHOD
AND APPARATUS FOR VOICE FRAME
SIGNAL

TECHNICAL FIELD

The present document relates to the field of voice frame
encoding and decoding, and in particular, to a frame loss
compensation method and apparatus for Modified Discrete
Cosine Transform (MDCT) domain audio signals.

BACKGROUND OF THE RELATED ART

The packet technology is widely applied in network com-
munication, and various forms of information such as voice or
audio data are encoded and then are transmitted using the
packet technology over the network, such as Voice over Inter-
net Protocol (VoIP) etc. Due to the limitation of the transmis-
sion capacity of the information transmitting end or the loss of
frame information caused by that packet information frames
do not arrive at the buffer of the receiving end within the
specified delay time or network congestions and jams etc., a
sharp decrease of the quality of synthetic speech of the decod-
ing end is caused, and therefore, it needs to compensate the
data of'the lost frames using a compensation technology. The
frame loss compensation technology is a technology of miti-
gating decrease of the quality of speech due to the loss of
frames.

The simplest mode of the related frame loss compensation
for a transform field voice frame is to repeat a transform
domain signal of a prior frame or substitute with a mute.
Although this method is simple to implement and does not
have a delay, the compensation effect is modest. Other com-
pensation modes, such as Gap Data Amplitude Phase Estima-
tion Technique (GAPES), need to firstly convert Modified
Discrete Cosine Transform (MDCT) coefficients into Dis-
crete Short Time Fourier Transform (DSTFT) coefficients,
and then perform compensation, which have a high compu-
tational complexity and a large memory consumption; and
another mode is to use a noise shaping and inserting technol-
ogy to perform frame loss compensation on the voice frame,
which has a good compensation effect on the noise-like sig-
nals, but has a very poor effect on the multi-harmonic audio
signal.

In conclusion, most of the related frame loss compensation
techniques of a transform field have an unobvious effect, and
have a high computational complexity and an overlong delay,
or have a poor compensation effect on some signals.

SUMMARY OF THE INVENTION

The technical problem to be solved by the embodiments of
the present document is to provide a frame loss compensation
method and apparatus for audio signals, so as to obtain better
compensation effects and at the same time ensure that there is
no delay and the complexity is low.

In order to solve the above problem, the embodiments of
the present document provide a frame loss compensation
method for audio signals, comprising:

when a first frame immediately following a correctly
received frame is lost, judging a frame type of the first lost
frame and when the first lost frame is a non-multi-harmonic
frame, calculating MDCT coefficients of the first lost frame
by using MDCT coefficients of one or more frames prior to
the first lost frame;
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2

obtaining an initially compensated signal of the first lost
frame according to the MDCT coefficients of the first lost
frame; and

performing a first class of waveform adjustment on the
initially compensated signal of the first lost frame and taking
a time-domain signal obtained after adjustment as a time-
domain signal of the first lost frame.

Preferably, judging a frame type of the first lost frame
comprises: judging the frame type of the first lost frame
according to frame type flag bits set by an encoding end in a
code stream.

Preferably, the encoding end sets the frame type flag bits by
means of: for a frame with remaining bits after being
encoded, calculating a spectral flatness of the frame, and
judging whether a value of the spectral flatness is less than a
first threshold K, if so, considering the frame as a multi-
harmonic frame, and setting the frame type flag bit as a
multi-harmonic type, and if not, considering the frame as a
non-multi-harmonic frame, and setting the frame type flag bit
as a non-multi-harmonic type, and putting the frame type flag
bit into the code stream to be transmitted to a decoding end;
and for a frame without remaining bits after being encoded,
not setting the frame type flag bit.

Preferably, judging the frame type of the first lost frame
according to frame type flag bits set by an encoding end in a
code stream comprises: acquiring a frame type flag of each of
n frames prior to the first lost frame, and if a number of
multi-harmonic frames in the prior n frames is larger than a
second threshold n,, and O=n,=n, nz1, considering the first
lost frame as a multi-harmonic frame and setting the frame
type flag as a multi-harmonic type; and if the number is not
larger than the second threshold, considering the first lost
frame as a non-multi-harmonic frame and setting the frame
type flag as a non-multi-harmonic type.

Preferably, a frame type flag of each of n frames prior to the
first lost frame is set by means of:

for each non-lost frame, judging whether there are remain-
ing bits in the code stream after decoding, and if so, reading a
frame type flag in the frame type flag bit from the code stream
as the frame type flag of the frame, and if not, duplicating a
frame type flag in the frame type flag bit of the prior frame as
the frame type flag of the frame; and

for each lost frame, acquiring a frame type flag of each of
n frames prior to the currently lost frame, and it a number of
multi-harmonic frames in the prior n frames is larger than a
second threshold n,, wherein O=ny=<n, n=1, considering the
currently lost frame as a multi-harmonic frame and setting the
frame type flag as a multi-harmonic type; and if the number is
not larger than the second threshold, considering the currently
lost frame as a non-multi-harmonic frame and setting the
frame type flag as a non-multi-harmonic type.

Preferably, performing a first class of waveform adjust-
ment on the initially compensated signal of the first lost frame
comprises: performing pitch period estimation and short
pitch detection on the first lost frame, and performing wave-
form adjustment on the initially compensated signal of the
first lost frame with a usable pitch period and without a short
pitch period by means of: performing overlapped periodic
extension on the time-domain signal of the frame prior to the
first lost frame by taking a last pitch period of the time-
domain signal of the frame prior to the first lost frame as a
reference waveform to obtain a time-domain signal of a
length larger than a frame length, wherein during the exten-
sion, a gradual convergence is performed from the waveform
of'the last pitch period of the time-domain signal of the prior
frame to the waveform of the first pitch period of the initially
compensated signal of the first lost frame, taking a first frame
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length of the time-domain signal in the time-domain signal of
a length larger than a frame length obtained by the extension
as a compensated time-domain signal of the first lost frame,
and using a part exceeding the frame length for smoothing
with a time-domain signal of a next frame.

Preferably, performing pitch period estimation on the first
lost frame comprises: performing pitch search on the time
signal of the frame prior to the first lost frame using an
autocorrelation approach to obtain the pitch period and a
largest normalized autocorrelation coefficient of the time-
domain signal of the prior frame, and taking the obtained
pitch period as an estimated pitch period value of the first lost
frame; and judging whether the estimated pitch period value
of the first lost frame is usable by means of: if any of the
following conditions is satisfied, considering that the esti-
mated pitch period value of the first lost frame is unusable:

a zero-crossing rate of the initially compensated signal of
the first lost frame is larger than a third threshold 7, wherein
7,>0;

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost frame is
less than a fourth threshold R, or a largest magnitude within
the first pitch period of the time-domain signal of the frame
prior to the first lost frame is A times larger than the largest
magnitude within the last pitch period, wherein 0<R ;<1 and
Azl

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost frame is
less than a fifth threshold R, or a zero-crossing rate the time-
domain signal of the frame prior to the first lost frame is larger
than a sixth threshold Z,, wherein 0<R,<1 and Z,>0.

Preferably, performing short pitch detection on the first lost
frame comprises: detecting whether the frame prior to the first
lost frame has a short pitch period, and if so, considering that
the first lost frame also has the short pitch period, and if not,
considering that the first lost frame does not have the short
pitch period either; wherein, detecting whether the frame
prior to the first lost frame has a short pitch period comprises:
detecting whether the frame prior to the first lost frame has a
pitch period betweenT", ,, and T",, ., wherein 1", and T, ..
satisfy a condition that T",,,,<T",,.<a lower limit T, of the
pitch period during the pitch search, during the detection,
performing pitch search on the time-domain signal of the
frame prior to the first lost frame using the autocorrelation
approach, and when the largest normalized autocorrelation
coefficient is larger than a seventh threshold R, considering
that the short pitch period exists, wherein O<R,<1.

Preferably, before performing waveform adjustment on the
initially compensated signal of the first lost frame with a
usable pitch period and without a short pitch period, the
method further comprises: if the time-domain signal of the
frame prior to the first lost frame is not a time-domain signal
obtained by correctly decoding, performing adjustment on
the estimated pitch period value obtained by the pitch period
estimation.

Preferably, performing adjustment on the estimated pitch
period value comprises: searching to obtain largest-magni-
tude positions i, and i, of the initially compensated signal of
the first lost frame within time intervals [0,T-1] and [ T,2T-1]
respectively, wherein, T is an estimated pitch period value
obtained by estimation, and if the following condition that
q,T<i,-1,<q,T and i,-1, is less than a half of the frame length
is satisfied wherein 0=q, <1=q, modifying the estimated pitch
period value to i,-1,, and if the above condition is not satis-
fied, not modifying the estimated pitch period value.

Preferably, performing overlapped periodic extension by
taking a last pitch period of the time-domain signal of the
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frame prior to the first lost frame as a reference waveform
comprises: performing periodic duplication later in time on
the waveform of the last pitch period of the time-domain
signal of the frame prior to the first lost frame taking the pitch
period as a length, wherein during the duplication, a signal of
a length larger than one pitch period is duplicated each time
and an overlapped area is generated between the signal dupli-
cated each time and the signal duplicated last time, and per-
forming windowing and adding processing on the signals in
the overlapped area.

Preferably, in a process of performing pitch period estima-
tion on the first lost frame, before performing pitch search on
the time-domain signal of the frame prior to the first lost
frame using an autocorrelation approach, the method further
comprises: firstly performing low-pass filtering or down-
sampling processing on the initially compensated signal of
the first lost frame and the time-domain signal of the frame
prior to the first lost frame, and performing the pitch period
estimation by substituting the original initially compensated
signal and the time-domain signal of the frame prior to the
first lost frame with the initially compensated signal and the
time-domain signal of the frame prior to the first lost frame
after the low-pass filtering or down-sampling.

Preferably, the method further comprises: for a second lost
frame immediately following the first lost frame, judging a
frame type of the second lost frame, and when the second lost
frame is a non-multi-harmonic frame, calculating MDCT
coefficients of the second lost frame by using MDCT coeffi-
cients of one or more frames prior to the second lost frame;
obtaining an initially compensated signal of the second lost
frame according to the MDCT coefficients of the second lost
frame; and performing a second class of waveform adjust-
ment on the initially compensated signal of the second lost
frame and taking an adjusted time-domain signal as a time-
domain signal of the second lost frame.

Preferably, performing a second class of waveform adjust-
ment on the initially compensated signal of the second lost
frame comprises: performing overlap-add on a part M,
exceeding a frame length of the time-domain signal obtained
during the compensation of the first lost frame and the ini-
tially compensated signal of the second lost frame to obtain a
time-domain signal of the second lost frame, wherein, a
length of the overlapped area is M, and in the overlapped
area, a descending window is used for a part exceeding a
frame length of the time-domain signal obtained during the
compensation of the first lost frame and an ascending window
with a same length as that of the descending window is used
for data of the first M, samples of the initially compensated
signal of the second lost frame, and data obtained by window-
ing and then adding is taken as data of the first M, samples of
the time-domain signal of the second lost frame, and data of
remaining samples are supplemented with data of samples of
the initially compensated signal of the second lost frame
outside the overlapped area.

Preferably, the method further comprises: for a third lost
frame immediately following the second lost frame and a lost
frame following the third lost frame, judging a frame type of
the lost frame, and when the lost frame is a non-multi-har-
monic frame, calculating MDCT coefficients of the lost frame
by using MDCT coefficients of one or more frames prior to
the lost frame; obtaining an initially compensated signal of
the lost frame according to the MDCT coefficients of the lost
frame; and taking the initially compensated signal of the lost
frame as a time-domain signal of the lost frame.

Preferably, the method comprises: when a first frame
immediately following a correctly received frame is lost and
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the first lost frame is a non-multi-harmonic frame, performing
processing on the subsequent correctly received frame of the
first lost frame as follows:

decoding to obtain the time-domain signal of the correctly
received frame; performing adjustment on the estimated pitch
period value used during the compensation of the first lost
frame; and performing forward overlapped periodic exten-
sion by taking a last pitch period of the time-domain signal of
the correctly received frame as a reference waveform to
obtain a time-domain signal of a frame length; and perform-
ing overlap-add on a part exceeding a frame length of the
time-domain signal obtained during the compensation of the
first lost frame and the time-domain signal obtained by the
extension, and taking the obtained signal as the time-domain
signal of the correctly received frame.

Preferably, performing adjustment on the estimated pitch
period value used during the compensation of the first lost
frame comprises: searching to obtain largest-magnitude posi-
tions i; and i, of the time-domain signal of the correctly
received frame within time intervals [L-2T-1, L-T-1] and
[L-T,L-1] respectively, wherein, T is an estimated pitch
period value used during the compensation of the first lost
frame and L is a frame length, and if the following condition
that q,T<i,—i;<q,T and i,-i;<[./2 is satisfied wherein
0=q, =1=q,, modifying the estimated pitch period value to
i,—15, and if the above condition is not satisfied, not modifying
the estimated pitch period value.

Preferably, performing forward overlapped periodic exten-
sion by taking a last pitch period of the time-domain signal of
the correctly received frame as a reference waveform to
obtain a time-domain signal of a frame length comprises:
performing periodic duplication forward in time on the wave-
form of the last pitch period of the time-domain signal of the
correctly received frame taking the pitch period as a length,
until a time-domain signal of a frame length is obtained,
wherein during the duplication, a signal of alength larger than
one pitch period is duplicated each time and an overlapped
area is generated between the signal duplicated each time and
the signal duplicated last time, and performing windowing
and adding processing on the signals in the overlapped area.

In order to solve the above problem, the present document
further provides a frame loss compensation method for audio
signals, comprising:

when a first frame immediately following a correctly
received frame is lost, and the first lost frame is a non-multi-
harmonic frame, processing a correctly received frame imme-
diately following the first lost frame as follows;

decoding to obtain a time-domain signal of the correctly
received frame; performing adjustment on an estimated pitch
period value used during a compensation of the first lost
frame; and performing forward overlapped periodic exten-
sion by taking a last pitch period of the time-domain signal of
the correctly received frame as a reference waveform to
obtain a time-domain signal of a frame length; and perform-
ing overlap-add on a part exceeding a frame length of the
time-domain signal obtained during the compensation of the
first lost frame and the time-domain signal obtained by the
extension, and taking the obtained signal as the time-domain
signal of the correctly received frame.

Preferably, performing adjustment on the estimated pitch
period value used during the compensation of the first lost
frame comprises: searching to obtain largest-magnitude posi-
tions iy and i, of the time-domain signal of the correctly
received frame within time intervals [L-2T-1, L-T-1] and
[L-T,L-1] respectively, wherein, T is the estimated pitch
period value used during the compensation of the first lost
frame and L is a frame length, and if the following condition
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6

that q,T<i,—-i;<q,T and i,-i;<[./2 is satisfied wherein
0=q,=1=q,, modifying the estimated pitch period value to
i,—1;, and if the above condition is not satisfied, not modifying
the estimated pitch period value.

Preferably, performing forward overlapped periodic exten-
sion by taking a last pitch period of the time-domain signal of
the correctly received frame as a reference waveform to
obtain a time-domain signal of a frame length comprises:
performing periodic duplication forward in time on the wave-
form of the last pitch period of the time-domain signal of the
correctly received frame taking the pitch period as a length,
until a time-domain signal of a frame length is obtained,
wherein during the duplication, a signal of a length larger than
one pitch period is duplicated each time and an overlapped
area is generated between the signal duplicated each time and
the signal duplicated last time, and performing windowing
and adding processing on the signals in the overlapped area.

In order to solve the above problem, the embodiments of
the present document further provide a frame loss compen-
sation apparatus for audio signals, comprising a frame type
judgment module, a Modified Discrete Cosine Transform
(MDCT) coefficient acquisition module, an initial compen-
sation signal acquisition module and an adjustment module,
wherein,

the frame type judgment module is configured to judge a
frame type of a first lost frame when a first frame immediately
following a correctly received frame is lost;

the MDCT coefficient acquisition module is configured to
calculate MDCT coefficients of the first lost frame by using
MDCT coefficients of one or more frames prior to the first lost
frame when the judgment module judges that the first lost
frame is a non-multi-harmonic frame;

the initial compensation signal acquisition module is con-
figured to obtain an initially compensated signal of the first
lost frame according to the MDCT coefficients of the first lost
frame; and

the adjustment module is configured to perform a first class
of waveform adjustment on the initially compensated signal
of'the first lost frame and take a time-domain signal obtained
after adjustment as a time-domain signal of the first lost
frame.

Preferably, the frame type judgment module is configured
to judge a frame type of the first lost frame by means of:
judging the frame type of the first lost frame according to a
frame type flag bit set by an encoding apparatus in a code
stream.

Preferably, the frame type judgment module is configured
to judge the frame type of the first lost frame according to a
frame type flag bit set by an encoding end in a code stream by
means of: the frame type judgment module acquiring a frame
type flag of each of n frames prior to the first lost frame, and
if a number of multi-harmonic frames in the prior n frames is
larger than a second threshold n,, wherein O=n,<n, n=1, con-
sidering the first lost frame as a multi-harmonic frame and
setting the frame type flag as a multi-harmonic type; and if the
number is not larger than the second threshold, considering
the first lost frame as a non-multi-harmonic frame and setting
the frame type flag as a non-multi-harmonic type.

Preferably, the adjustment module includes a first class
waveform adjustment unit, which includes a pitch period
estimation unit, a short pitch detection unit and a waveform
extension unit, wherein,

the pitch period estimation unit is configured to perform
pitch period estimation on the first lost frame;

the short pitch detection unit is configured to perform short
pitch detection on the first lost frame;
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the waveform extension unit is configured to perform
waveform adjustment on the initially compensated signal of
the first lost frame with a usable pitch period and without a
short pitch period by means of: performing overlapped peri-
odic extension on the time-domain signal ofthe frame priorto
the first lost frame by taking a last pitch period of the time-
domain signal of the frame prior to the first lost frame as a
reference waveform to obtain a time-domain signal of a
length larger than a frame length, wherein during the exten-
sion, a gradual convergence is performed from the waveform
of'the last pitch period of the time-domain signal of the prior
frame to the waveform of the first pitch period of the initially
compensated signal of the first lost frame, taking a first frame
length of the time-domain signal in the time-domain signal of
a length larger than a frame length obtained by the extension
as a compensated time-domain signal of the first lost frame,
and using a part exceeding the frame length for smoothing
with a time-domain signal of a next frame.

Preferably, the pitch period estimation unit is configured to
perform pitch period estimation on the first lost frame by
means of: the pitch period estimation unit performing pitch
search on the time signal of the frame prior to the first lost
frame using an autocorrelation approach to obtain the pitch
period and a largest normalized autocorrelation coefficient of
the time-domain signal of the prior frame, and taking the
obtained pitch period as an estimated pitch period value of the
first lost frame; and the pitch period estimation unit judging
whether the estimated pitch period value of the first lost frame
is usable by means of: if any of the following conditions is
satisfied, considering that the estimated pitch period value of
the first lost frame is unusable:

a zero-crossing rate of the initially compensated signal of
the first lost frame is larger than a third threshold Z , wherein
7,>0;

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost frame is
less than a fourth threshold R, or a largest magnitude within
the first pitch period of the time-domain signal of the frame
prior to the first lost frame is A times larger than the largest
magnitude within the last pitch period, wherein 0<R ;<1 and
>l

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost frame is
less than a fifth threshold R, or a zero-crossing rate the time-
domain signal of the frame prior to the first lost frame is larger
than a sixth threshold Z,, wherein 0<R,<1 and Z,>0.

Preferably, the short pitch detection unit is configured to
perform short pitch detection on the first lost frame by means
of: the short pitch detection unit detecting whether the frame
prior to the first lost frame has a short pitch period, and if so,
considering that the first lost frame also has the short pitch
period, and if not, considering that the first lost frame does not
have the short pitch period either; wherein, the short pitch
detection unit is configured to detect whether the frame prior
to the first lost frame has a short pitch period by means of:
detecting whether the frame prior to the first lost frame has a
pitch period betweenT",,,, and T",,,,,., wherein T", ., and T",,, ..
satisfy a condition that T",,,,<T",,.<a lower limit T, of the
period during the pitch search, during the detection, perform-
ing pitch search on the time-domain signal of the frame prior
to the first lost frame using the autocorrelation approach, and
when the largest normalized autocorrelation coefficient is
larger than a seventh threshold R, considering that the short
pitch period exists, wherein 0<R;<1.

Preferably, the first class waveform adjustment unit further
comprises a pitch period adjustment unit, configured to per-
form adjustment on the estimated pitch period value obtained
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from estimation by the pitch period estimation unit and trans-
mit the adjusted estimated pitch period value to the waveform
extension unit when it is judged that the time-domain signal
of'the frame prior to the first lost frame is not a time-domain
signal obtained by correctly decoding.

Preferably, the pitch period adjustment unit is configured to
perform adjustment on the estimated pitch period value by
means of: the pitch period adjustment unit searching to obtain
largest-magnitude positions i, and i, of the initially compen-
sated signal of the first lost frame within time intervals [0, T-
1] and [T,2T-1] respectively, wherein, T is an estimated pitch
period value obtained by estimation, and if the following
condition that g, T<di,-1,<q, T and i,-1, is less than a half of
the frame length is satisfied wherein 0=q,=<1=q,, modifying
the estimated pitch period value to i,—1,, and if the above
condition is not satisfied, not modifying the estimated pitch
period value.

Preferably, the waveform extension unit is configured to
perform overlapped periodic extension by taking a last pitch
period of the time-domain signal of the frame prior to the first
lost frame as a reference waveform by means of: performing
periodic duplication later in time on the waveform of the last
pitch period of the time-domain signal of the frame prior to
the first lost frame taking the pitch period as a length, wherein
during the duplication, a signal of a length larger than one
pitch period is duplicated each time and an overlapped area is
generated between the signal duplicated each time and the
signal duplicated last time, and performing windowing and
adding processing on the signals in the overlapped area.

Preferably, the pitch period estimation unit is further con-
figured to before performing pitch search on the time-domain
signal of the frame prior to the first lost frame using an
autocorrelation approach, firstly perform low-pass filtering or
down-sampling processing on the initially compensated sig-
nal of the first lost frame and the time-domain signal of the
frame prior to the first lost frame, and perform the pitch period
estimation by substituting the original initially compensated
signal and the time-domain signal of the frame prior to the
first lost frame with the initially compensated signal and the
time-domain signal of the frame prior to the first lost frame
after low-pass filtering or down-sampling.

Preferably, the frame type judgment module is further con-
figured to, when a second lost frame immediately following
the first lost frame is lost, judge a frame type of the second lost
frame;

the MDCT coefficient acquisition module is further con-
figured to calculate MDCT coefficients of the second lost
frame by using MDCT coefficients of one or more frames
prior to the second lost frame when the frame type judgment
module judges that the second lost frame is a non-multi-
harmonic frame;

the initial compensation signal acquisition module is fur-
ther configured to obtain an initially compensated signal of
the second lost frame according to the MDCT coefficients of
the second lost frame; and

the adjustment module is further configured to perform a
second class of waveform adjustment on the initially com-
pensated signal of the second lost frame and take an adjusted
time-domain signal as a time-domain signal ofthe second lost
frame.

Preferably, the adjustment module further comprises a sec-
ond class waveform adjustment unit, configured to perform a
second class of waveform adjustment on the initially com-
pensated signal of the second lost frame by means of: per-
forming overlap-add on a part M, exceeding a frame length of
the time-domain signal obtained during the compensation of
the first lost frame and the initially compensated signal of the
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second lost frame to obtain a time-domain signal of the sec-
ond lost frame, wherein, a length of the overlapped areais M, ,
and in the overlapped area, a descending window is used for
a part exceeding a frame length of the time-domain signal
obtained during the compensation of the first lost frame and
an ascending window with the same length as that of the
descending window is used for data of the first M| samples of
the initially compensated signal of the second lost frame, and
data obtained by windowing and then adding is taken as data
of the first M, samples of the time-domain signal of the
second lost frame, and data of remaining samples are supple-
mented with data of samples of the initially compensated
signal of the second lost frame outside the overlapped area.

Preferably, the frame type judgment module is further con-
figured to when a third lost frame immediately following the
second lost frame and a frame following the third lost frame
are lost, judge frame types of the lost frames;

the MDCT coefficient acquisition module is further con-
figured to calculate MDCT coefficients of the currently lost
frame by using MDCT coefficients of one or more frames
prior to the currently lost frame when the frame type judg-
ment module judges that the currently lost frame is a non-
multi-harmonic frame;

the initial compensation signal acquisition module is fur-
ther configured to obtain an initially compensated signal of
the currently lost frame according to the MDCT coefficients
of the currently lost frame; and

the adjustment module is further configured to take the
initially compensated signal of the currently lost frame as a
time-domain signal of the currently lost frame.

Preferably, the apparatus further comprises a normal frame
compensation module, configured to, when a first frame
immediately following a correctly received frame is lost and
the first lost frame is a non-multi-harmonic frame, process a
correctly received frame immediately following the first lost
frame, wherein, the normal frame compensation module
comprises a decoding unit, a time-domain signal adjustment
unit, wherein,

the decoding unit is configured to decode to obtain the
time-domain signal of the correctly received frame; and

the time-domain signal adjustment unit is configured to
perform adjustment on the estimated pitch period value used
during the compensation of the first lost frame; and perform
forward overlapped periodic extension by taking a last pitch
period of the time-domain signal of the correctly received
frame as a reference waveform to obtain a time-domain signal
of'a frame length; and perform overlap-add on a part exceed-
ing a frame length of the time-domain signal obtained during
the compensation of the first lost frame and the time-domain
signal obtained by the extension, and take the obtained signal
as the time-domain signal of the correctly received frame.

Preferably, the time-domain signal adjustment unit is con-
figured to perform adjustment on the estimated pitch period
value used during the compensation of the first lost frame by
means of: searching to obtain largest-magnitude positions i
and i, of the time-domain signal of the correctly received
frame within time intervals [L-2T-1,L-T-1] and [L-T,L-1]
respectively, wherein, T is an estimated pitch period value
used during the compensation of the first lost frame and L. is
a frame length, and if the following condition that q, T<i,—
1;<q,T and i,~i;<L/2 is satistied wherein O=q, <1=q,, modi-
fying the estimated pitch period value to i,~i5, and if the
above condition is not satisfied, not modifying the estimated
pitch period value.

Preferably, the time-domain signal adjustment unit is con-
figured to perform forward overlapped periodic extension by
taking a last pitch period of the time-domain signal of the
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correctly received frame as a reference waveform to obtain a
time-domain signal of a frame length by means of: perform-
ing periodic duplication forward in time on the waveform of
the last pitch period of the time-domain signal of the correctly
received frame taking the pitch period as a length, until a
time-domain signal of a frame length is obtained, wherein
during the duplication, a signal of a length larger than one
pitch period is duplicated each time and an overlapped area is
generated between the signal duplicated each time and the
signal duplicated last time, and performing windowing and
adding processing on the signals in the overlapped area.

The frame loss compensation method and apparatus for
audio signals proposed in the embodiments of the present
document firstly judge a type of a lost frame, and then for a
multi-harmonic lost frame, convert an MDCT-domain signal
into an MDCT-MDST-domain signal and then perform com-
pensation using technologies of phase extrapolation and
amplitude duplication; and for a non-multi-harmonic lost
frame, firstly perform initial compensation to obtain an ini-
tially compensated signal, and then perform waveform
adjustment on the initially compensated signal to obtain a
time-domain signal of the currently lost frame. The compen-
sation method not only ensures the quality of the compensa-
tion of multi-harmonic signals such as music, etc., but also
largely enhances the quality of the compensation of non-
multi-harmonic signals such as voice, etc. The method and
apparatus according to the embodiments of the present docu-
ment have advantages such as no delay, low computational
complexity and memory demand, ease of implementation,
and good compensation performance etc.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flowchart of embodiment one of the present
document;

FIG. 2 is a flowchart of judging a frame type according to
embodiment one of the present document;

FIG. 3 is a flowchart of a first class of waveform adjustment
method according to embodiment one of the present docu-
ment;

FIGS. 4a-d are diagrams of overlapped periodic extension
according to embodiment one of the present document;

FIG. 5 is a flowchart of a multi-harmonic frame loss com-
pensation method according to embodiment one of the
present document;

FIG. 6 is a flowchart of embodiment two of the present
document;

FIG. 7 is a flowchart of embodiment three of the present
document;

FIG. 8 is a structural diagram of a frame loss compensation
apparatus according to embodiment four of the present docu-
ment;

FIG. 9 is a structural diagram of a first class adjustment unit
in the frame loss compensation apparatus according to
embodiment four of the present document; and

FIG. 10 is a structural diagram of a normal frame compen-
sation module in the frame loss compensation apparatus
according to embodiment four of the present document.

PREFERRED EMBODIMENTS OF THE
INVENTION

In the embodiments of the present document, a encoding
end firstly judges a type of the original frame, and does not
additionally occupy encoded bits when transmitting a judg-
ment result to a decoding end (that is, the remaining encoded
bits are used to transmit the judgment result and the judgment



US 9,330,672 B2

11

result will not be transmitted when there is no remaining bit).
After the decoding end acquires judgment results of the types
of'n frames prior to the currently lost frame, the decoding end
infers the type of the currently lost frame, and performs
compensation on the currently lost frame by using a multi-
harmonic frame loss compensation method or a non-multi-
harmonic frame loss compensation method respectively
according to whether the lost frame is a multi-harmonic frame
or a non-multi-harmonic frame. For the multi-harmonic lost
frame, an MDCT domain signal is transformed into a Modi-
fied Discrete Cosine Transform-Modified Discrete Sine
Transform (MDCT-MDST) domain signal and then the com-
pensation is performed using technologies of phase extrapo-
lation, amplitude duplication etc.; and when the compensa-
tion is performed on the non-multi-harmonic lost frame, an
MDCT coefficient value of the currently lost frame is calcu-
lated firstly using the MDCT coefficients of multiple frames
prior to the currently lost frame (for example, MDCT coeffi-
cient of the prior frame after attenuation is used as an MDCT
coefficient value of the currently lost frame), and then an
initially compensated signal of the currently lost frame is
obtained according to the MDCT coefficient of the currently
lost frame, and then waveform adjustment is performed on the
initially compensated signal to obtain a time-domain signal of
the currently lost frame. With the non-multi-harmonic com-
pensation method, it enhances the quality of compensation of
the non-multi-harmonic frames such as voice frames etc.

The embodiments of the present document will be
described in detail below in conjunction with accompanying
drawings. It should be illustrated that, in the case of no con-
flict, the embodiments of this application and the features in
the embodiments could be combined randomly with each
other.

Embodiment One

The present embodiment describes a compensation
method when a first frame immediately following a correctly
received frame is lost, as shown in FIG. 1, comprises the
following steps.

In step 101, it is to judge a type of the first lost frame, and
when the first lost frame is a non-multi-harmonic frame, step
102 is performed, and when the first lost frame is not a
non-multi-harmonic frame, step 104 is performed;

in step 102, when the first lost frame is a non-multi-har-
monic frame, it is to calculate MDCT coefficients of the first
lost frame by using MDCT coefficients of one or more frames
prior to the first lost frame, and a time-domain signal of the
first lost frame is obtained according to the MDCT coeffi-
cients of the first lost frame and the time-domain signal is
taken as an initially compensated signal of the first lost frame;
and

The MDCT coefficient values of the first lost frame may be
calculated by the following way: for example, values
obtained by performing weighted average on the MDCT
coefficients of the prior multiple frames and performing suit-
able attenuation may be taken as the MDCT coefficients of
the first lost frame; alternatively, values obtained by duplicat-
ing MDCT coefficients of the prior frame and performing
suitable attenuation may also be taken as the MDCT coeffi-
cients of the first lost frame.

The method of obtaining a time-domain signal according
to the MDCT coefficients can be implemented using existing
technologies, and the description thereof will be omitted
herein.

The specific method of attenuating the MDCT coefficients
is as follows.
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When the currently lost frame is the p” frame,
Fmy=areHm), m=0, ... M-1;

wherein, ¢”(m) represents an MDCT coefficient of the p™
frame at a frequency point m, c is an attenuation coefficient,
O=axl.

In step 103, a first class of waveform adjustment is per-
formed on the initially compensated signal of the first lost
frame and a time-domain signal obtained after adjustment is
taken as a time-domain signal of the first lost frame, and then
the processing ends;

in step 104, when the first lost frame is a multi-harmonic
frame, a frame loss compensation method for multi-harmonic
frames is used to compensate the frame, and the processing
ends.

The steps 101, 103 and 104 will be described in detail
below in conjunction with FIGS. 2, 3, 4 and 5 respectively.

As shown in FIG. 2, steps 101a-101¢ are implemented by
the encoding end, and step 1014 is implemented by the decod-
ing end. The specific method of judging a type of the lost
frame may include the following steps.

In step 101a, at the encoding end, for each frame, after
normal encoding, it is judged whether there are remaining bits
for that frame, that is, judging whether all available bits of one
frame are used up after the frame is encoded, and if there are
remaining bits, step 1015 is performed; and if there is no
remaining bit, step 101c¢1 is performed;

in step 1015, a spectral flatness of the frame is calculated
and it is judged whether a value of the spectral flatness is less
than a first threshold K, and if'so, the frame is considered as a
multi-harmonic frame, and the frame type flag bit is set as a
multi-harmonic type (for example 1); and if not, the frame is
considered as a non-multi-harmonic frame, and the frame
type flag bit is set as a non-multi-harmonic type (for example
0), wherein 0=K<1, and step 101¢2 is performed;

the specific method of calculating the spectral flatness is as
follows.

The spectral flatness SFM, of any the i”” frame is defined as
a ratio between a geometric mean and an arithmetic mean of
signal magnitudes of the i” frame in a transform domain:

i

SFM; =

=&

wherein,

1

M-1 . M
Gi= []_[ I (m>|]
m=0

is the geometric mean of the signal magnitudes of the i”
frame,

1&
A= M;'C (m)

is the arithmetic mean of the signal magnitudes of the i
frame, ¢’ (m) is an MDCT coefficient of the i” frame at a
frequency point m, and M is the number of frequency points
of'the MDCT-domain signal.

Preferably, a part of all frequency points in the MDCT
domain may be used to calculate the spectral flatness.
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In step 1011, the encoded code stream is transmitted to the
decoding end;

in step 101¢2, if there are remaining bits after the frame is
encoded, the flag bit set in step 1015 is transmitted to the
decoding end within the encoded code stream;

in step 1014, at the decoding end, for each non-lost frame,
it is judged whether there are remaining bits in the code
stream after decoding, and if so, a frame type flag in the frame
type flag bit is read from the code stream to be taken as the
frame type flag of the frame and put into a buffer, and if not,
a frame type flag in the frame type flag bit of the prior frame
is duplicated to be taken as the frame type flag of the frame
and put into the buffer; and for each lost frame, a frame type
flag of each of n frames prior to the currently lost frame in the
buffer is acquired, and if the number of multi-harmonic
frames in the prior n frames is larger than a second threshold
n, (0=n,=n), it is considered that the currently lost frame is a
multi-harmonic frame and the frame type flag bit is set as a
multi-harmonic type (for example 1) and is put into a buffer;
and if the number of multi-harmonic frames in the prior n
frames is less than or equal to the second threshold n,, it is
considered that the currently lost frame is a non-multi-har-
monic frame and the frame type flag bit is set as a non-multi-
harmonic type (for example 0) and is put into the buffer
wherein n=1.

The present document is not limited to judge the frame type
using the feature of spectral flatness, and other features can
also be used for judgment, for example, the zero-crossing rate
or a combination of several features is used for judgment.
This is not limited in the present document.

FIG. 3 specifically describes a method of performing a first
class of waveform adjustment on the initially compensated
signal of the first lost frame with respect to step 103, which
may include the following steps.

In step 103a, pitch period estimation is performed on the
first lost frame. The specific pitch period estimation method is
as follows.

Firstly, pitch period search is performed on the time-do-
main signal of the frame prior to the first lost frame using an
autocorrelation approach, to obtain the pitch period of the
time-domain signal of the prior frame and the largest normal-
ized autocorrelation coefficient, and the obtained pitch period
is taken as an estimated pitch period value of the first lost
frame;

i.e., it is to search for te[ T
that

Tma.x] H 0<Tm in<Tmax<Ms 50

min®

M—t-1

Z S+ 1)
=0
172

M—1-1
M-1
[Z S(i)2 % Z s(i)?

i=0

achieves the largest value which is the largest normalized
autocorrelation coefficient, and at this time, t is the pitch
period, wherein T,,,,, and T,, ... are an upper limit and a lower
limit of the pitch search respectively, M is a frame length, s(i),
i=1, ..., M is atime-domain signal on which the pitch search
will be performed;

although the estimated pitch period value of the first lost
frame is estimated, the estimated value may not be usable, and
it can be judged whether the estimated pitch period value of
the first lost frame is usable by means of:
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ifany of the following three conditions is satisfied, consid-
ering that the estimated pitch period value of the first lost
frame is unusable;

a zero-crossing rate of the initially compensated signal of
the first lost frame is larger than a third threshold Z,,
wherein Z,>0;

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost
frame is less than a fourth threshold R, or the largest
magnitude within the first pitch period of the time-do-
main signal of the frame prior to the first lost frame is A
times larger than the largest magnitude within the last
pitch period, wherein 0<R,;<1 and Az1;

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost
frame is less than a fifth threshold R, or a zero-crossing
rate of the time-domain signal of the frame prior to the
first lost frame is larger than a sixth threshold Z,,
wherein 0<R,<1 and Z,>0.

Particularly, in the process of performing pitch period esti-
mation, before performing pitch search on the time-domain
signal of the frame prior to the first lost frame, the following
processing may also be performed firstly: firstly performing
low-pass filtering or down-sampling processing on the time-
domain signal of the frame prior to the first lost frame and the
initially compensated signal of the first lost frame, and then
performing the pitch period estimation by substituting the
original time-domain signal of the prior frame and the ini-
tially compensated signal of the first lost frame with the
time-domain signal of the frame prior to the first lost frame
and the initially compensated signal of the first lost frame
after the low-pass filtering or down-sampling. The low-pass
filtering or down-sampling process can reduce the effluence
of the high-frequency components of the signal on the pitch
search or reduce complexity of the pitch search.

In step 1035, if the pitch period of the first lost frame is
unusable, the waveform adjustment is not performed on the
initially compensated signal of the frame, and the process
ends; and if the pitch period is usable, step 103¢ is performed;

in step 103¢, short pitch detection is performed on the first
lost frame, and if there is a short pitch period, the waveform
adjustment is not performed on the initially compensated
signal of the frame, and the process ends; and if there is no
short pitch period, step 1034 is performed;

performing short pitch detection on the first lost frame
comprises: detecting whether a frame prior to the first lost
frame has a short pitch period, and if so, considering that the
first lost frame also has a short pitch period, and if not,
considering that the first lost frame does not have a short pitch
period either, that is, taking a detection result of the short pitch
period of the frame prior to the first lost frame as the detection
result of the short pitch period of the first lost frame.

It is detected whether a frame prior to the first lost frame
has a short pitch period by means of:

detecting whether the frame prior to the first lost frame has
a short pitch period between T',,,, and T', ., wherein T", .
and T',, . satisfy a condition that T, <T",. .. <a lower limit
T, of the pitch period during the pitch search, during the
detection, performing pitch search on the time-domain signal
of'the frame prior to the first lost frame using an autocorrela-
tion approach, and when the largest normalized autocorrela-
tion coefficient is larger than a seventh threshold R;, consid-
ering that the short pitch period exists, wherein 0<R,<1.

In step 1034, if the time-domain signal of the frame prior to
the first lost frame is not a time-domain signal obtained from
correctly decoding by the decoding end, adjustment is per-
formed on the estimated pitch period value obtained by esti-
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mation, and then step 103e is performed, and if the time-
domain signal of the frame prior to the first lost frame is a
time-domain signal obtained from correctly decoding by the
decoding end, step 103e is performed directly;

Here, the time-domain signal of the frame prior to the first
lost frame being not a time-domain signal obtained from
correctly decoding by the decoding end refers to assuming
that the first lost frame is the p? frame, even if the decoding
end can correctly receive the data packet of the p—1? frame,
due to loss of the p-2” frame or other reasons, the time-
domain signal of the p—1% frame can not be obtained by
correctly decoding.

The specific method of adjusting the pitch period includes:
denoting the pitch period obtained by estimation as T, search-
ing to obtain largest-magnitude positions i, and i, of the
initially compensated signal of the first lost frame within time
intervals [0,T-1] and [T,2T-1] respectively, and if q, T<i,—
1;<q,T and 1,1, is less than a half of the frame length, modi-
fying the estimated pitch period value as i,~1, ; otherwise, not
modifying estimated pitch period value, wherein O<q, <1=q,.

In step 103e, the first class of waveform adjustment is
performed on the initially compensated signal using a wave-
form of the last pitch period of the time-domain signal of the
frame prior to the first lost frame and a waveform of the first
pitch period of the initially compensated signal of the first lost
frame, and the method of adjusting comprises: performing
overlapped periodic extension on the time-domain signal of
the frame prior to the first lost frame by taking the last pitch
period of the time-domain signal of the prior frame as a
reference waveform, to obtain a time-domain signal of a
length larger than a frame length, for example, a time-domain
signal of a length of M+M, samples. During the extension, a
gradual convergence is performed from the waveform of the
last pitch period of the time-domain signal of the prior frame
to the waveform of the first pitch period of the initially com-
pensated signal of the first lost frame. The first M samples in
the time-domain signal of M+M,; samples obtained by the
extension is taken as a compensated time-domain signal of
the first lost frame, and a part exceeding a frame length is used
for smoothing with the time-domain signal of the next frame,
wherein M is a frame length, M, is the number of samples
exceeding the frame length, and 1<M,<M;

wherein, overlapped periodic extension refers to perform-
ing periodic duplication later in time taking the pitch period as
a length, during the duplication, in order to ensure the signal
smoothness, it needs to duplicate a signal of a length larger
than one pitch period, and an overlapped area is generated
between the signal duplicated each time and the signal dupli-
cated last time, and windowing and adding processing need to
be performed on the signals in the overlapped area. The
specific method of obtaining a time-domain voice signal of a
length larger than a frame length with overlapped periodic
extension includes the following steps.

In step 103eq, data of the first 1 samples of the initially
compensated signal is put into the first 1 units of a buffer a of
alength of M+M,, and an effective data length n, of the buffer
ais set as 0, wherein 1>0 is a length of the overlapped area, as
shown in FIG. 4a;

in step 103eb, the data of the last pitch period of the time-
domain signal of the prior frame of the currently lost frame
and the data of the first 1 samples of the initially compensated
signal of the current frame are put into a buffer b, wherein a
length n, of the buffer b=a pitch period+l; as shown in FIG.
4b;

in step 103ec, the data in the buffer b are duplicated into a
designated area of the buffer a, and the effective data length of
the buffer a is added with one pitch period. The designated
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area refers to an area backward from the n,+1? unit in the
buffer a, and the length of the area is equal to the length n, of
data in buffer b. During the duplication, the original data from
the n,+1” unit to the n,+1?” unit in the buffer a form an
overlapped area of a length of 1, and the data in the overlapped
area need to be processed particularly as follows:

the original data of 1 samples in the overlapped area are
multiplied with a descending window of a length of 1, and the
data duplicated from the buffer b into the overlapped area are
multiplied with an ascending window of a length of 1, and then
the two parts of data are added to form the data in the over-
lapped area;

wherein, the descending window of a length of 1 and the
ascending window of a length of 1 can be selected as a
descending linear window and an ascending linear window,
ie., 1-i/l and i/l, i=0,1, . . ., 1-1, or can also be selected as
descending and ascending sine or cosine windows etc.

Particularly, when the data in the buffer b are duplicated
into a designated area of the buffer a, if the remaining space
(M+M, -n,) in the buffer a is less than the length n, of data in
the buffer b, the data actually to be duplicated into the buffer
a are only the data of first M+M, -n, samples in the buffer b.

FIG. 4¢ illustrates a case of the first duplication, and in this
figure, 1 less than the length of the pitch period is taken as an
example, and in other embodiments, 1 may be equal to the
length of the pitch period, or may also be larger than the
length of the pitch period. FIG. 44 illustrates a case of the
second duplication.

In step 103ed, the buffer b is updated, and the way of
updating is to perform data-wise weighted average on the
original data in the buffer b and the data of the first n, samples
of' the initially compensated signal;

in step 103ee, the steps 103ec to 103ed are repeated until
the effective data length of the buffer a is larger than or equal
to M+M,, and the data in buffer a are a time-domain signal of
a length larger than a frame length.

FIG. 5 specifically describes a frame loss compensation
method for a multi-harmonic frame with respect to step 104,
which comprises:

when the p” frame is lost;

in step 104a, MDST coefficients s*~2(m) and s*~>(m) of the
p-27 frame and the p—3” frame are obtained by using a Fast
Modified Discrete Sine Transform (FMDST) algorithm
according to the MDCT coefficient obtained by decoding
multiple frames prior to the currently lost frame, and the
obtained MDST coefficients of the p—2? frame and the p-3*
frame and the MDCT coeflicients c#~*(m) and ¢?~>(m) of the
p-2" frame and the p—3" frame constitute complex signals of
the MDCT-MDST domain:

V)= (m)+js () M

V)= (m)+js7 > (m) @

wherein j is an imaginary symbol.

Powers [v#~2(m)I?, [v?~>(m)I* of various frequency points
in the p-2" frame and the p-3 frame are calculated, and the
first r peak frequency points with the largest powers in the
p-2" frame and the p-3” frame (if the number of peak fre-
quency points in any frame is less than r, all peak frequency
points in the frame are taken) constitute frequency point sets
m?~2, m?~>, wherein, the peak frequency point refers to a
frequency point with a power larger than those of adjacent
samples, 1<r<M.

the powers of various frequency points in the p—1? frame
are estimated according to the MDCT coefficients of the
p-1? frame:

[t (m) P =@ () P+ [P (D) -2 m-1)]? 3)
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wherein, 197~(m)I? is the power of the p-1” frame at a
frequency point m, and ¢~'(m) is the MDCT coefficient of
the p—1? frame at the frequency point m, and so on.

The first r peak frequency points m?~' with the largest
power in the p—1? frame are calculated, whereini=1 . .. 10.If
the number N7~! of peak frequency points in the frame is less
thanr, all peak frequency points m#~" in the frame are taken,
wherein i=1 ... N°7',

For each m#~!, it is judged whether there is a frequency
point of m?~!, m#~'x1 (the powers of the frequency points
adjacent to the peak frequency point may also be large, and
thus they are added into the set of peak frequency points of the
p-1”frame) belonging to the sets m?~2, m?~> simultaneously.
If they belong to sets m?~2, m?~> simultaneously, phases and
amplitudes of the MDCT-MDST domain complex signal of
the p” frame at frequency points m?~!, m#~'£1 are calcu-
lated according to the following equations (4)-(9) (as long as
one of m#~!, m#'+1, belong to m¥~* and m?~> simulta-
neously, the following calculation will be performed on the
three frequency points m?~*, m#~£1):

@2 (m)=LvE2(m) Q)

@ (m)=Lv73(m) ®

AP2(m)=IvP2(m) (6)

AP )= 3 (m) @]

()= (m)+2047 > (m)~47 = (m)] ®)

AP(m)=AP2(m) ©)

wherein, ¢ and A represent a phase and an amplitude
respectively. For example, ¢7(m) is an estimated phase value
of the p™ frame at the frequency point m, ¢*~2(m) is a phase of
the p—2” frame at the frequency point m, ¢*~>(m) is a phase of
the p-3” frame at the frequency point m, A”(m) is an esti-
mated amplitude value of the p? frame at the frequency point
m, A”~%(m) is a phase of the p—2? frame at the frequency
point m, and so on.

Therefore, the MDCT coefficient of the p” frame at the
frequency point m obtained by compensation is:

& (my=4 (m)cos [¢7(m)] (10)

If no frequency point of all of m?~! and m?~'+1 belongs to
sets m?~2, m?~> simultaneously, the MDCT coefficients of all
frequency points in the currently lost frame are estimated
according to equations (4)-(10).

The frequency points needed to be predicted may also not
be calculated, and the MDCT coefficients of all frequency
points in the currently lost frame are estimated directly
according to equations (4)-(10).

Sc is used to represent a set constituted by the above all
frequency pints which are compensated according to equa-
tions (4)-(10).

In step 1044, for a frequency point outside S~ in one frame,
the MDCT coefficient values of the p—1? frame at the fre-
quency point are used as the MDCT coefficient values of the
p™ frame at the frequency point;

in step 104¢, the IMDCT transform is performed on the
MDCT coefficients of the currently lost frame at all frequency
points, to obtain the time-domain signal of the currently lost
frame.

Embodiment Two

The present embodiment describes a compensation
method when more than two consecutive frames immediately
following a correctly received frame are lost, and as shown in
FIG. 6, the method comprises the following steps.
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In step 201, a type of a lost frame is judged, and when the
lost frame is a non-multi-harmonic frame, step 202 is per-
formed, and when the lost frame is not a non-multi-harmonic
frame, step 204 is performed;

in step 202, when the lost frame is a non-multi-harmonic
frame, the MDCT coefficient values of the currently lost
frame are calculated using the MDCT coefficients of one or
more frames prior to the currently lost frame, and then the
time-domain signal of the currently lost frame is obtained
according to the MDCT coefficients of the currently lost
frame, and the time-domain signal is taken as the initially
compensated signal;

preferably, values obtained after performing weighted
average and suitable attenuation on the MDCT coefficients of
the prior multiple frames may be taken as the MDCT coeffi-
cients of the currently lost frame, alternatively, the MDCT
coefficient of the prior frame may be duplicated and suitably
attenuated to generate the MDCT coefficients of the currently
lost frame;

in step 203, if the currently lost frame is a first lost frame
following a correctly received frame, the time-domain signal
of the first lost frame is obtained by compensation using the
method in step 103; if the currently lost frame is a second lost
frame following a correctly received frame, a second class of
waveform adjustment is performed on the initially compen-
sated signal of the currently lost frame, and the adjusted
time-domain signal is taken as the time-domain signal of the
current frame; and if the currently lost frame is a third or
further subsequent lost frame following a correctly received
frame, the initially compensated signal of the currently lost
frame is directly taken as the time-domain signal of the cur-
rent frame, and the process ends;

a specific second class of waveform adjustment method
comprises:

performing overlap-add on a part (with a length denoted as
M,) exceeding a frame length of the time-domain signal
obtained during the compensation of the first lost frame and
the initially compensated signal of the currently lost frame
(i.e., the second lost frame), to obtain a time-domain signal of
the second lost frame. Wherein, a length of the overlapped
area is M, and in the overlapped area, a descending window
is used for the part exceeding a frame length of the time-
domain signal obtained during the compensation of the first
lost frame and an ascending window with the same length as
that of the descending window is used for the data of the first
M, samples of the initially compensated signal of the second
lost frame, and the data obtained by windowing and then
adding are taken as the data of the first M, samples of the
time-domain signal of the second lost frame, and the data of
remaining samples are supplemented with the data of the
samples of the initially compensated signal of the second lost
frame outside the overlapped area.

Wherein, the descending window and the ascending win-
dow can be selected to be a descending linear window and an
ascending linear window, or can also be selected to be
descending and ascending sine or cosine windows etc.

In step 204, when the lost frame is a multi-harmonic frame,
the frame loss compensation method for multi-harmonic
frames is used to compensate the frame, and the process ends.

Embodiment Three

The present embodiment describes a procedure of recovery
processing after frame loss in a case that only one non-multi-
harmonic frame is lost in the frame loss process. The present
procedure needs not to be performed in a case that multiple
frames are lost or the type of the lost frame is a multi-har-
monic frame. As shown in FIG. 7, in the present embodiment,
a first lost frame is a first lost frame immediately following a
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correctly received frame and the first lost frame is a non-
multi-harmonic frame, and a correctly received frame
addressed in FIG. 7 is a frame received correctly immediately
following the first lost frame, and the method comprises the
following steps.

In step 301, decoding is performed to obtain the time-
domain signal of the correctly received frame;

in step 302, adjustment is performed on the estimated pitch
period value used during the compensation of the first lost
frame, which specifically comprises the following operation.

The estimated pitch period value used during the compen-
sation of the first lost frame is denoted as T, and search is
performed to obtain largest-magnitude positions i; band i, of
the time-domain signal of the correctly received frame within
time intervals [L-2T-1, L-T-1] and [L.-T,L.-1] respectively,
and if q,T<i,-13<q,T and i,-1;<L/2, the estimated pitch
period value is modified to i,~i;; otherwise, the estimated
pitch period value is not modified, wherein L is a frame
length, and O<q,=<1=q,.

In step 303, forward overlapped periodic extension is per-
formed by taking the last pitch period of the time-domain
signal of the correctly received frame as a reference wave-
form, to obtain a time-domain signal of a frame length;

The specific method of obtaining a time-domain signal of a
frame length by means of overlapped periodic extension is
similar to the method in step 103e, and the difference is that
the direction of the extension is opposite, and there is no
procedure of gradual waveform convergence. That is, peri-
odic duplication is performed forward in time on the wave-
form of the last pitch period of the time-domain signal of the
correctly received frame taking the pitch period as a length,
until a time-domain signal of one frame length is obtained.
During the duplication, in order to ensure the signal smooth-
ness, it needs to duplicate a signal of a length larger than one
pitch period, and an overlapped area is generated between the
signal duplicated each time and the signal duplicated last
time, and windowing and adding processing need to be per-
formed on the signals in the overlapped area.

In step 304, overlap-add is performed on the part exceeding
a frame length of the time-domain signal obtained during the
compensation of the first lost frame (with a length denoted as
M,) and the time-domain signal obtained by the extension,
and the obtained signal is taken as the time-domain signal of
the correctly received frame.

Wherein, a length of the overlapped area is M, and in the
overlapped area, a descending window is used for the part
exceeding a frame length of the time-domain signal obtained
during the compensation of the first lost frame and an ascend-
ing window with the same length as that of the descending
window is used for the data of the first M, samples of the
time-domain signal of the correctly received frame obtained
by extension, and the data obtained by windowing and then
adding are taken as the data of the first M, samples of the
time-domain signal of the correctly received frame, and the
data of remaining samples are supplemented with the data of
the samples of the time-domain signal of the correctly
received frame outside the overlapped area.

Wherein, the descending window and the ascending win-
dow can be selected to be a descending linear window and an
ascending linear window, or can also be selected to be
descending and ascending sine or cosine windows etc.

Embodiment Four

The present embodiment describes an apparatus for imple-
menting the above method embodiment, and as shown in FI1G.
8, the apparatus includes a frame type judgment module, an
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MDCT coefficient acquisition module, an initial compensa-
tion signal acquisition module and an adjustment module,
wherein,

the frame type judgment module is configured to, when a
first frame immediately following a correctly received frame
is lost, judge a frame type of the first frame which is lost, a first
lost frame for short hereinafter;

the MDCT coefficient acquisition module is configured to
calculate MDCT coefficients of the first lost frame by using
MDCT coefficients of one or more frames prior to the first lost
frame when the judgment module judges that the first lost
frame is a non-multi-harmonic frame;

the initial compensation signal acquisition module is con-
figured to obtain an initially compensated signal of the first
lost frame according to the MDCT coefficients of the first lost
frame; and

the adjustment module is configured to perform a first class
of waveform adjustment on the initially compensated signal
of'the first lost frame and take a time-domain signal obtained
after adjustment as a time-domain signal of the first lost
frame.

Preferably, the frame type judgment module is configured
to judge a frame type of the first lost frame by means of:
judging the frame type of the first lost frame according to a
frame type flag bit set by an encoding apparatus in a code
stream. Specifically, the frame type judgment module is con-
figured to acquire a frame type flag of each of n frames prior
to the first lost frame, and if the number of multi-harmonic
frames in the prior n frames is larger than a second threshold
n,, wherein O=ny=n, n=1, consider the first lost frame as a
multi-harmonic frame and set the frame type flag as a multi-
harmonic type; and if the number is not larger than the second
threshold, consider the first lost frame as a non-multi-har-
monic frame and set the frame type flag as a non-multi-
harmonic type.

Preferably, the adjustment module includes a first class
waveform adjustment unit, as shown in FIG. 9, which
includes a pitch period estimation unit, a short pitch detection
unit and a waveform extension unit, wherein,

the pitch period estimation unit is configured to perform
pitch period estimation on the first lost frame;

the short pitch detection unit is configured to perform short
pitch detection on the first lost frame;

the waveform extension unit is configured to perform
waveform adjustment on the initially compensated signal of
the first lost frame with a usable pitch period and without a
short pitch period by means of: performing overlapped peri-
odic extension on the time-domain signal of the frame priorto
the first lost frame by taking the last pitch period of the
time-domain signal of the frame prior to the first lost frame as
a reference waveform, to obtain a time-domain signal of a
length larger than a frame length, wherein during the exten-
sion, a gradual convergence is performed from the waveform
of'the last pitch period of the time-domain signal of the prior
frame to the waveform of the first pitch period of the initially
compensated signal of the first lost frame, taking a first frame
length of the time-domain signal in the time-domain signal of
a length larger than a frame length obtained by the extension
as a compensated time-domain signal of the first lost frame,
and using a part exceeding the frame length for smoothing
with the time-domain signal of the next frame.

Preferably, the pitch period estimation unit is configured to
perform pitch period estimation on the first lost frame by
means of: performing pitch search on the time signal of the
frame prior to the first lost frame using an autocorrelation
approach to obtain the pitch period and the largest normalized
autocorrelation coefficient of the time-domain signal of the
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prior frame, and taking the obtained pitch period as an esti-
mated pitch period value of the first lost frame; and the pitch
period estimation unit judges whether the estimated pitch
period value of the first lost frame is usable by means of: ifany
of the following conditions is satisfied, considering that the
estimated pitch period value of the first lost frame is unusable:

a zero-crossing rate of the initially compensated signal of

the first lost frame is larger than a third threshold Z,,
wherein Z,>0;

the largest normalized autocorrelation coefficient of the

time-domain signal of the frame prior to the first lost
frame is less than a fourth threshold R, or the largest
magnitude within the first pitch period of the time-do-
main signal of the frame prior to the first lost frame is A
times larger than the largest magnitude within the last
pitch period, wherein 0<R, <1 and A=z1;

the largest normalized autocorrelation coefficient of the

time-domain signal of the frame prior to the first lost
frame is less than a fifth threshold R, or a zero-crossing
rate the time-domain signal of the frame prior to the first
lost frame is larger than a sixth threshold Z,, wherein
0<R,<1 and Z,>0.

Preferably, the short pitch detection unit is configured to
perform short pitch detection on the first lost frame by means
of: detecting whether the frame prior to the first lost frame has
a short pitch period, and if so, considering that the first lost
frame also has the short pitch period, and if not, considering
that the first lost frame does not have the short pitch period
either; wherein, the short pitch detection unit is configured to
detect whether the frame prior to the first lost frame has a
short pitch period by means of: detecting whether the frame
prior to the first lost frame has a pitch period between and
T ,and T',  wherein 1", and T', . satisfy a condition
that T',,, <T",...<alower limit T,,, of the pitch period during
the pitch search, during the detection, performing pitch
search on the time-domain signal of the frame prior to the first
lost frame using the autocorrelation approach, and when the
largest normalized autocorrelation coefficient is larger than a
seventh threshold R, considering that the short pitch period
exists, wherein 0<R,<1.

Preferably, the first class waveform adjustment unit further
comprises a pitch period adjustment unit, configured to per-
form adjustment on the estimated pitch period value obtained
from estimation by the pitch period estimation unit and trans-
mit the adjusted estimated pitch period value to the waveform
extension unit when it is judged that the time-domain signal
of the frame prior to the first lost frame is not a time-domain
signal obtained by correctly decoding.

Preferably, the pitch period adjustment unit is configured to
perform adjustment on the estimated pitch period value by
means of: searching to obtain largest-magnitude positions i,
and i, of the initially compensated signal of the first lost frame
within time intervals [0,T-1] and [T,2T-1] respectively,
wherein, T is an estimated pitch period value obtained by
estimation, and if the following condition that q, T<i,-1,<q,T
and 1,1, is less than a half of the frame length is satisfied
wherein 0=q,=1=q,, modifying the estimated pitch period
value to 1,—1,, and if the above condition is not satisfied, not
modifying the estimated pitch period value.

Preferably, the waveform extension unit is configured to
perform overlapped periodic extension by taking the last
pitch period of the time-domain signal of the frame prior to
the first lost frame as a reference waveform by means of:
performing periodic duplication later in time on the wave-
form of the last pitch period of the time-domain signal of the
frame prior to the first lost frame taking the pitch period as a
length, wherein during the duplication, a signal of a length
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larger than one pitch period is duplicated each time and an
overlapped area is generated between the signal duplicated
each time and the signal duplicated last time, and performing
windowing and adding processing on the signals in the over-
lapped area.

Preferably, the pitch period estimation unit is further con-
figured to before performing pitch search on the time-domain
signal of the frame prior to the first lost frame using an
autocorrelation approach, firstly perform low-pass filtering or
down-sampling processing on the initially compensated sig-
nal of the first lost frame and the time-domain signal of the
frame prior to the first lost frame, and perform the pitch period
estimation by substituting the original initially compensated
signal and the time-domain signal of the frame prior to the
first lost frame with the initially compensated signal and the
time-domain signal of the frame prior to the first lost frame
after low-pass filtering or down-sampling.

Preferably, the above frame type judgment module, the
MDCT coefficient acquisition module, the initial compensa-
tion signal acquisition module and the adjustment module
may further have the following functions.

The frame type judgment module is further configured to
when a second lost frame immediately following the first lost
frame is lost, judge a frame type of the second lost frame;

the MDCT coefficient acquisition module is further con-
figured to calculate MDCT coefficients of the second lost
frame by using MDCT coefficients of one or more frames
prior to the second lost frame when the frame type judgment
module judges that the second lost frame is a non-multi-
harmonic frame;

the initial compensation signal acquisition module is fur-
ther configured to obtain an initially compensated signal of
the second lost frame according to the MDCT coefficients of
the second lost frame; and

the adjustment module is further configured to perform a
second class of waveform adjustment on the initially com-
pensated signal of the second lost frame and take an adjusted
time-domain signal as a time-domain signal ofthe second lost
frame.

Preferably, the adjustment module further comprises a sec-
ond class waveform adjustment unit, configured to perform a
second class of waveform adjustment on the initially com-
pensated signal of the second lost frame by means of:

performing overlap-add on the part M, exceeding a frame
length of the time-domain signal obtained during the com-
pensation of the first lost frame and the initially compensated
signal of the second lost frame to obtain a time-domain signal
of'the second lost frame, wherein, a length of the overlapped
area is M, and in the overlapped area, a descending window
is used for the part exceeding a frame length of the time-
domain signal obtained during the compensation of the first
lost frame and an ascending window with the same length as
that of the descending window is used for the data of the first
M, samples of the initially compensated signal of the second
lost frame, and the data obtained by windowing and then
adding are taken as the data of the first M, samples of the
time-domain signal of the second lost frame, and the data of
remaining samples are supplemented with the data of the
samples of the initially compensated signal of the second lost
frame outside the overlapped area.

Preferably, the above frame type judgment module, the
MDCT coefficient acquisition module, the initial compensa-
tion signal acquisition module and the adjustment module
may further have the following functions.

The frame type judgment module is further configured to
when a third lost frame immediately following the second lost
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frame and a frame following the third lost frame are lost,
judge frame types of the lost frames;

the MDCT coefficient acquisition module is further con-
figured to calculate MDCT coefficients of the currently lost
frame by using MDCT coefficients of one or more frames
prior to the currently lost frame when the frame type judg-
ment module judges that the currently lost frame is a non-
multi-harmonic frame;

the initial compensation signal acquisition module is fur-
ther configured to obtain an initially compensated signal of
the currently lost frame according to the MDCT coefficients
of the currently lost frame; and

the adjustment module is further configured to take the
initially compensated signal of the currently lost frame as a
time-domain signal of the lost frame.

Preferably, the apparatus further comprises a normal frame
compensation module, configured to when a first frame
immediately following a correctly received frame is lost and
the first lost frame is a non-multi-harmonic frame, process a
correctly received frame immediately following the first lost
frame, and as shown in FIG. 10, the normal frame compen-
sation module comprises a decoding unit, a time-domain
signal adjustment unit, wherein,

the decoding unit is configured to decode to obtain the
time-domain signal of the correctly received frame; and

the time-domain signal adjustment unit is configured to
perform adjustment on the estimated pitch period value used
during the compensation of the first lost frame; and perform
forward overlapped periodic extension by taking the last pitch
period of the time-domain signal of the correctly received
frame as a reference waveform to obtain a time-domain signal
of a frame length; and perform overlap-add on the part
exceeding a frame length of the time-domain signal obtained
during the compensation of the first lost frame and the time-
domain signal obtained by the extension, and take the
obtained signal as the time-domain signal of the correctly
received frame.

Preferably, the time-domain signal adjustment unit is con-
figured to perform adjustment on the estimated pitch period
value used during the compensation of the first lost frame by
means of:

searching to obtain largest-magnitude positions i, and i, of
the time-domain signal of the correctly received frame within
time intervals [L-2T-1, L-T-1] and [L.-T,L.-1] respectively,
wherein, T is an estimated pitch period value used during the
compensation of the first lost frame and L. is a frame length,
and if the following condition that q,T<i,-i;<q,T and
i,—1;<[./2 is satisfied wherein O=q, =1=q,, modifying the esti-
mated pitch period value to i,~15, and if the above condition is
not satisfied, not modifying the estimated pitch period value.

Preferably, the time-domain signal adjustment unit is con-
figured to perform forward overlapped periodic extension by
taking the last pitch period of the time-domain signal of the
correctly received frame as a reference waveform to obtain a
time-domain signal of a frame length by means of:

performing periodic duplication forward in time on the
waveform ofthe last pitch period of the time-domain signal of
the correctly received frame taking the pitch period as a
length, until a time-domain signal of a frame length is
obtained, wherein during the duplication, a signal of a length
larger than one pitch period is duplicated each time and an
overlapped area is generated between the signal duplicated
each time and the signal duplicated last time, and performing
windowing and adding processing on the signals in the over-
lapped area.

The thresholds used in the embodiments herein are empiri-
cal values, and may be obtained by simulation.
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A person having ordinary skill in the art can understand
that all or part of steps in the above method can be imple-
mented by programs instructing related hardware, and the
programs can be stored in a computer readable storage
medium, such as a read-only memory, disk or disc etc. Alter-
natively, all or part of steps in the above embodiments can also
be implemented by one or more integrated circuits. Accord-
ingly, each module/unit in the above embodiments can be
implemented in a form of hardware, or can also be imple-
mented in a form of software functional module. The present
document is not limited to any particular form of a combina-
tion of hardware and software.

Of course, the present document can have a plurality of
other embodiments. Without departing from the spirit and
essence of the present document, those skilled in the art can
make various corresponding changes and variations accord-
ing to the present document, and all these corresponding
changes and variations should belong to the protection scope
of'the appended claims in the present document.

INDUSTRIAL APPLICABILITY

The method and apparatus according to the embodiments
of the present document have advantages such as no delay,
low computational complexity and memory demand, ease of
implementation, and good compensation performance etc.

What is claimed is:
1. A frame loss compensation method for audio signals,
comprising:
when a first frame immediately following a correctly
received frame is lost, judging a frame type of the first
frame which is lost, a first lost frame for short hereinaf-
ter, and when the first lost frame is a non-multi-harmonic
frame, calculating Modified Discrete Cosine Transform
(MDCT) coefficients of the first lost frame by using
MDCT coefficients of one or more frames prior to the
first lost frame;
obtaining an initially compensated signal of the first lost
frame according to the MDCT coefficients of the first
lost frame; and
performing a waveform adjustment on the initially com-
pensated signal of the first lost frame and taking a time-
domain signal obtained after adjustment as a time-do-
main signal of the first lost frame.
2. The method according to claim 1, wherein, judging a
frame type of a first lost frame comprises:
judging the frame type of the first lost frame according to
frame type flag bits set by an encoding end in a code
stream.
3. The method according to claim 2, further comprising:
the encoding end setting the frame type flag bits by means
of:
for a frame with remaining bits after being encoded,
calculating a spectral flatness of the frame, and judg-
ing whether a value of the spectral flatness is less than
a first threshold K, if so, considering the frame as a
multi-harmonic frame, and setting the frame type flag
bit as a multi-harmonic type, and if not, considering
the frame as a non-multi-harmonic frame, and setting
the frame type flag bit as a non-multi-harmonic type,
and putting the frame type flag bit into the code stream
to be transmitted to a decoding end; and
for a frame without remaining bits after being encoded,
not setting the frame type flag bit.
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4. The method according to claim 2, wherein,
judging the frame type of the first lost frame according to

frame type flag bits set by an encoding end in a code
stream comprises:

acquiring a frame type flag of each of n frames prior to the

first lost frame, and if a number of multi-harmonic
frames in the prior n frames is larger than a second
threshold n,, wherein n and n, are integers and O=,,=n,
n =1, considering the first lost frame as a multi-harmonic
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signal of the prior frame, and taking the obtained pitch
period as an estimated pitch period value of the first lost
frame; and
judging whether the estimated pitch period value of the first
lost frame is usable by means of: if any of the following
conditions is satisfied, considering that the estimated
pitch period value of the first lost frame is unusable:
a zero-crossing rate of the initially compensated signal
of the first lost frame is larger than a third threshold

f - . 10 Z,, wherein Z,>0;
rame and setting the frame type flag as a multi-har- . . .
. ) . . the largest normalized autocorrelation coefficient of the
monic type; and if the number is not larger than the . L .
L time-domain signal of the frame prior to the first lost
second threshold, considering the first lost frame as a f s 1
. . . rame is less than a fourth threshold R.sub.1 or a
non-multl-hmmomc frame .and setting the frame type largest magnitude within the first pitch period of the
flag as a non-multi-harmonic type, 15 time-domain signal of the frame prior to the first lost
preferably, frame is A times larger than the largest magnitude
wherein, acquiring a frame type flag of each of n frames within the last pitch period, wherein 0<R, <1 and A=1;
prior to the first lost frame comprises: the largest normalized autocorrelation coefficient of the
for each non-lost frame, judging whether there are time-domain signal of the frame prior to the first lost
remaining bits in the code stream after decoding, and 20 frame is less than a fifth threshold R, or a zero-cross-
if so, reading a frame type flag in the frame type flag ing rate the time-domain signal of the frame prior to
bit from the code stream as the frame type flag of the the first lost frame is larger than a sixth threshold Z,,
frame, and if not, duplicating a frame type flag in the wherein 0<R,<1 and Z,>0,
frame type flag bit of the prior frame as the frame type preferably, wherein, in a process of performing pitch
flag of the frame; and 25 period estimation on the first lost frame, before per-
foreach lost frame, acquiring a frame type flag of each of forming pitch search on the time-domain signal of the
n frames prior to the currently lost frame, and if a frame prior to the first lost frame using an autocorre-
number of multi-harmonic frames in the prior n lation approach, the method further comprises:
frames is larger than a second threshold n,, wherein firstly performing low-pass filtering or down-sampling
0=n,=n, n=1, considering the currently lost frameasa 30 processing on the initially compensated signal of the
multi-harmonic frame and setting the frame type flag first lost frame and the time-domain signal of the
as a multi-harmonic type; frame prior to the first lost frame, and performing the
and if the number is not larger than the second threshold, pitch period estimation by substituting the original
considering the currently lost frame as a non-multi- initially compensated signal and the time-domain sig-
harmonic frame and setting the frame type flag as a 35 nal of the frame prior to the first lost frame with the
non-multi-harmonic type. initially compensated signal and the time-domain sig-
5. The method according to claim 1, wherein, nal of the frame prior to the first lost frame after
performing a waveform adjustment on the initially com- low-pass filtering or down-sampling.
pensated signal of the first lost frame comprises: 7. The method according to claim 5, wherein,

performing pitch period estimation and short pitch detec- 40  performing short pitch detection on the first lost frame

tion on the first lost frame, and performing waveform
adjustment on the initially compensated signal of the
first lost frame with a usable pitch period and without a
short pitch period by means of:

comprises: detecting whether the frame prior to the first
lost frame has a short pitch period, and if so, considering
that the first lost frame also has the short pitch period,
and if not, considering that the first lost frame does not

performing overlapped periodic extension on a time- 45 have the short pitch period either;
domain signal of the frame prior to the first lost frame wherein, detecting whether the frame prior to the first lost
by taking a last pitch period of the time-domain signal frame has a short pitch period comprises:
of the frame prior to the first lost frame as a reference detecting whether the frame prior to the first lost frame has
waveform to obtain a time-domain signal of a length apitch period between1',,,,and T, , whereinT', , and
larger than a frame length, wherein during the exten- 50 T ... satisfy a condition that T',,, <T",,...a lower limit
sion, a gradual convergence is performed from a T,z of the pitch period during the pitch search, during
waveform of the last pitch period of the time-domain the detection, performing pitch search on the time-do-
signal of the prior frame to a waveform of the first main signal of the frame prior to the first lost frame using
pitch period of the initially compensated signal of the an autocorrelation approach, and when a largest normal-
first lost frame, taking a first frame length of the 55 ized autocorrelation coefficient is larger than a seventh
time-domain signal in the time-domain signal of a threshold R, considering that the short pitch period
length larger than a frame length obtained by the exists, wherein 0<R;<1,
extension as a compensated time-domain signal of the or,
first lost frame, and using a part exceeding a frame wherein, performing overlapped periodic extension by tak-
length for smoothing with a time-domain signal of a 60 ing a last pitch period of the time-domain signal of the
next frame. frame prior to the first lost frame as a reference wave-
6. The method according to claim 5, wherein, performing form comprises:
pitch period estimation on the first lost frame comprises: performing periodic duplication later in time on the wave-
performing pitch search on the time signal of the frame form of the last pitch period of the time-domain signal of
prior to the first lost frame using an autocorrelation 65 the frame prior to the first lost frame taking the pitch
approach, to obtain the pitch period and a largest nor- period as a length, wherein during the duplication, a

malized autocorrelation coefficient of the time-domain signal of a length larger than one pitch period is dupli-
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cated each time and an overlapped area is generated
between the signal duplicated each time and the signal
duplicated last time, and performing windowing and
adding processing on the signals in the overlapped area.

8. The method according to claim 5, wherein,

before performing waveform adjustment on the initially
compensated signal of the first lost frame with a usable
pitch period and without a short pitch period, the method
further comprises:

if the time-domain signal of the frame prior to the first lost
frame is not a time-domain signal obtained by correctly
decoding, performing adjustment on the estimated pitch
period value obtained by the pitch period estimation,

preferably,

wherein performing adjustment on the estimated pitch
period value comprises:

searching to obtain largest-magnitude positions i, and i, of
the initially compensated signal of the first lost frame
within time intervals [0,T-1] and [T,2T-1] respectively,
wherein, T is an estimated pitch period value obtained by
estimation, and if the following condition that q, T<i,—
1;<q,T and 1,1, is less than a half of the frame length is
satisfied, wherein 0=q,=1=q,, modifying the estimated
pitch period value to i,—1,, and if the above condition is
not satisfied, not modifying the estimated pitch period
value.

9. The method according to claim 1, further comprising:

for a second lost frame immediately following the first lost
frame, judging a frame type of the second lost frame, and
when the second lost frame is a non-multi-harmonic
frame, calculating MDCT coefficients of the second lost
frame by using MDCT coefficients of one or more
frames prior to the second lost frame;

obtaining an initially compensated signal of the second lost
frame according to the MDCT coefficient of the second
lost frame; and

performing a waveform adjustment on the initially com-
pensated signal of the second lost frame and taking an
adjusted time-domain signal as a time-domain signal of
the second lost frame,

preferably,

wherein, performing a waveform adjustment on the ini-
tially compensated signal of the second lost frame com-
prises:

performing overlap-add on a part M, exceeding a frame
length of the time-domain signal obtained during the
compensation of the first lost frame and the initially
compensated signal of the second lost frame to obtain a
time-domain signal of the second lost frame, wherein, a
length of the overlapped area is M,, and in the over-
lapped area, a descending window is used for the part
exceeding a frame length of the time-domain signal
obtained during the compensation of the first lost frame
and an ascending window with a same length as that of
the descending window is used for first M, samples of
the initially compensated signal of the second lost frame,
and data obtained by windowing and then adding is
taken as data of first M, samples of the time-domain
signal of the second lost frame, and data of remaining
samples are supplemented with data of samples of the
initially compensated signal of the second lost frame
outside the overlapped area,

or,

wherein, the method further comprises:

for a third lost frame immediately following the second lost
frame and a lost frame following the third lost frame,
judging a frame type of the lost frame, and when the lost
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frame is a non-multi-harmonic frame, calculating
MDCT coefficients of the lost frame by using MDCT
coefficients of one or more frames prior to the lost frame;

obtaining an initially compensated signal of the lost frame
according to the MDCT coefficients of the lost frame;
and

taking the initially compensated signal of the lost frame as
a time-domain signal of the lost frame.

10. The method according to of claim 1, further compris-

10 ing:

30

35

40

45

55

60

65

when the first lost frame is a non-multi-harmonic frame,
performing processing on a correctly received frame
immediately following the first lost frame as follows:
decoding to obtain the time-domain signal of the correctly
received frame; performing adjustment on the estimated
pitch period value used during the compensation of the
first lost frame; and performing forward overlapped
periodic extension by taking a last pitch period of the
time-domain signal of the correctly received frame as a
reference waveform, to obtain a time-domain signal of a
frame length; and performing overlap-add on a part
exceeding a frame length of the time-domain signal
obtained during the compensation of the first lost frame
and the time-domain signal obtained by the extension,
and taking the obtained signal as the time-domain signal
of the correctly received frame,
preferably,
wherein, performing adjustment on the estimated pitch
period value used during the compensation of the first
lost frame comprises:
searching to obtain largest-magnitude positions 1 and i,
of the time-domain signal of the correctly received
frame within time intervals [L-2T-1, L-T-1] and
[L-T,L~1] respectively, wherein, T is an estimated
pitch period value used during the compensation of
the first lost frame and L is a frame length, and if the
following condition that q, T<i,—i;<q,T and i,~i,<[./
2<[./2 is satisfied wherein 0=q, <1=q,, modifying the
estimated pitch period value to i,-1;, and if the above
condition is not satisfied, not modifying the estimated
pitch period value,
or,
wherein, performing forward overlapped periodic
extension by taking a last pitch period of the time-
domain signal of the correctly received frame as a
reference waveform, to obtain a time-domain signal
of a frame length comprises:
performing periodic duplication forward in time on the
waveform of the last pitch period of the time-domain
signal of the correctly received frame taking the pitch
period as a length, until a time-domain signal of a
frame length is obtained, wherein during the duplica-
tion, a signal of a length larger than one pitch period is
duplicated each time and an overlapped area is gen-
erated between the signal duplicated each time and
the signal duplicated last time, and performing win-
dowing and adding processing on the signals in the
overlapped area.
11. A frame loss compensation method for audio signals,

comprising:

when a first frame immediately following a correctly
received frame is lost, and the first frame which is lost, a
first lost frame for short hereinafter, is a non-multi-
harmonic frame, processing a correctly received frame
immediately following the first lost frame as follows:

decoding to obtain a time-domain signal of the correctly
received frame; performing adjustment on an estimated
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pitch period value used during compensation of the first
lost frame; and performing forward overlapped periodic
extension by taking a last pitch period of the time-do-
main signal of the correctly received frame as a refer-
ence waveform to obtain a time-domain signal of a
frame length; and performing overlap-add on a part
exceeding a frame length of the time-domain signal
obtained during the compensation of the first lost frame
and the time-domain signal obtained by the extension,
and taking the obtained signal as the time-domain signal
of the correctly received frame.

12. The method according to claim 11, wherein, perform-
ing adjustment on an estimated pitch period value used during
compensation of the first lost frame comprises:

searching to obtain largest-magnitude positions i; and i, of

the time-domain signal of the correctly received frame
within time intervals [L-2T-1, L-T-1] and [L-T,L-1]
respectively, wherein, T is an estimated pitch period
value used during the compensation of the first lost
frame and L is the frame length, and if the following
condition that q, T<i,-i;<q,T and i,-1;<L/2 is satisfied
wherein 0=q,=l=q,, modifying the estimated pitch
period value to i,—i;, and if the above condition is not
satisfied, not modifying the estimated pitch period
value,

or,

wherein, performing forward overlapped periodic exten-

sion by taking a last pitch period of the time-domain
signal of the correctly received frame as a reference
waveform to obtain a time-domain signal of a frame
length comprises:

performing periodic duplication forward in time on a

waveform of the last pitch period of the time-domain
signal of the correctly received frame taking the pitch
period as a length, until a time-domain signal of a frame
length is obtained, wherein during the duplication, a
signal of a length larger than one pitch period is dupli-
cated each time and an overlapped area is generated
between the signal duplicated each time and the signal
duplicated last time, and performing windowing and
adding processing on the signals in the overlapped area.

13. A frame loss compensation apparatus for audio signals,
comprising a frame type judgment module, an Modified Dis-
crete Cosine Transform (MDCT) coefficient acquisition
module, an initial compensation signal acquisition module
and an adjustment module, wherein,

the frame type judgment module is configured to, when a

first frame immediately following a correctly received
frame is lost, judge a frame type of the first frame which
is lost, a first lost frame for short hereinafter;
the MDCT coefficient acquisition module is configured to
calculate MDCT coefficients of the first lost frame by
using MDCT coefficients of one or more frames prior to
the first lost frame when the judgment module judges
that the first lost frame is a non-multi-harmonic frame;

the initial compensation signal acquisition module is con-
figured to obtain an initially compensated signal of the
first lost frame according to the MDCT coefficients of
the first lost frame; and

the adjustment module is configured to perform a wave-

form adjustment on the initially compensated signal of
the first lost frame and take a time-domain signal
obtained after adjustment as a time-domain signal of the
first lost frame.

14. The apparatus according to claim 13, wherein,

the frame type judgment module is configured to judge a

frame type of the first lost frame by means of:
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judging the frame type of the first lost frame according to a
frame type flag bit set by an encoding apparatus in a code
stream,

preferably, wherein,

the frame type judgment module is configured to judge the
frame type of the first lost frame according to a frame
type flag bit set by an encoding end in a code stream by
means of:

the frame type judgment module acquiring a frame type
flag of each of n frames prior to the first lost frame, and
if a number of multi-harmonic frames in the prior n
frames is larger than a second threshold n,, wherein
O=n,=n, n=1, considering the first lost frame as a multi-
harmonic frame and setting the frame type flag as a
multi-harmonic type; and if the number is not larger than
the second threshold, considering the first lost frame as
a non-multi-harmonic frame and setting the frame type
flag as a non-multi-harmonic type.

15. The apparatus according to claim 13, wherein,

the adjustment module includes a first waveform adjust-
ment unit, which includes a pitch period estimation unit,
a short pitch detection unit and a waveform extension
unit, wherein,

the pitch period estimation unit is configured to perform
pitch period estimation on the first lost frame;

the short pitch detection unit is configured to perform short
pitch detection on the first lost frame;

the waveform extension unit is configured to perform
waveform adjustment on the initially compensated sig-
nal of the first lost frame with a usable pitch period and
without a short pitch period by means of: performing
overlapped periodic extension on the time-domain sig-
nal of the frame prior to the first lost frame by taking a
last pitch period of the time-domain signal of the frame
prior to the first lost frame as a reference waveform, to
obtain a time-domain signal of a length larger than a
frame length, wherein during the extension, a gradual
convergence is performed from a waveform of the last
pitch period of the time-domain signal of the prior frame
to a waveform of the first pitch period of the initially
compensated signal of the first lost frame, taking a first
frame length of the time-domain signal in the time-
domain signal of a length larger than a frame length
obtained by the extension as a compensated time-do-
main signal of the first lost frame, and using a part
exceeding the frame length for smoothing with a time-
domain signal of a next frame.

16. The apparatus according to claim 15, wherein,

the pitch period estimation unit is configured to perform
pitch period estimation on the first lost frame by means
of:

performing pitch search on the time signal of the frame
prior to the first lost frame using an autocorrelation
approach, to obtain the pitch period and a largest nor-
malized autocorrelation coefficient of the time-domain
signal of the prior frame, and taking the obtained pitch
period as an estimated pitch period value of the first lost
frame; and

judging whether the estimated pitch period value of the first
lost frame is usable by means of: if any of the following
conditions is satisfied, considering that the estimated
pitch period value of the first lost frame is unusable:

a zero-crossing rate of the initially compensated signal of
the first lost frame is larger than a third threshold Z,,
wherein Z,>0;

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost
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frame is less than a fourth threshold R, or a largest
magnitude within the first pitch period of the time-do-
main signal of the frame prior to the first lost frame is A
times larger than the largest magnitude within the last
pitch period, wherein 0<R, <1 and Az1;

the largest normalized autocorrelation coefficient of the
time-domain signal of the frame prior to the first lost
frame is less than a fifth threshold R, or a zero-crossing
rate the time-domain signal of the frame prior to the first
lost frame is larger than a sixth threshold Z,, wherein
0<R,<1 and Z,>0,

preferably,

wherein, the pitch period estimation unit is further config-
ured to before performing pitch search on the time-
domain signal of the frame prior to the first lost frame
using an autocorrelation approach, firstly perform low-
pass filtering or down-sampling processing on the ini-
tially compensated signal of the first lost frame and the
time-domain signal of the frame prior to the first lost
frame, and perform the pitch period estimation by sub-
stituting the original initially compensated signal and
the time-domain signal of the frame prior to the first lost
frame with the initially compensated signal and the
time-domain signal of the frame prior to the first lost
frame after low-pass filtering or down-sampling.

17. The apparatus according to claim 15, wherein,

the short pitch detection unit is configured to perform short
pitch detection on the first lost frame by means of:

detecting whether the frame prior to the first lost frame has
a short pitch period, and if so, considering that the first
lost frame also has the short pitch period, and if not,
considering that the first lost frame does not have the
short pitch period either;

wherein, the short pitch detection unit is configured to
detect whether the frame prior to the first lost frame has
a short pitch period by means of:

detecting whether the frame prior to the first lost frame has
apitch periodbetweenT",,,,, and T",,, .., Wherein T", ., and
T, satisfy a condition that T',,,, <T",, . <a lower limit
T, of the pitch period during the pitch search, during
the detection, performing pitch search on the time-do-
main signal of the frame prior to the first lost frame using
an autocorrelation approach, and when a largest normal-
ized autocorrelation coefficient is larger than a seventh
threshold R;, considering that the short pitch period
exists, wherein 0<R;<1,

or,

wherein, the waveform extension unit is configured to per-
form overlapped periodic extension by taking a last pitch
period of the time-domain signal of the frame prior to the
first lost frame as a reference waveform by means of:

performing periodic duplication later in time on the wave-
form of the last pitch period of the time-domain signal of
the frame prior to the first lost frame taking the pitch
period as a length, wherein during the duplication, a
signal of a length larger than one pitch period is dupli-
cated each time and an overlapped area is generated
between the signal duplicated each time and the signal
duplicated last time, and performing windowing and
adding processing on the signals in the overlapped area.

18. The apparatus according to claim 15, wherein,

the first waveform adjustment unit further comprises a
pitch period adjustment unit, configured to perform
adjustment on the estimated pitch period value obtained
from estimation by the pitch period estimation unit and
transmit the adjusted estimated pitch period value to the
waveform extension unit when it is judged that the time-
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domain signal of the frame prior to the first lost frame is
not a time-domain signal obtained by correctly decod-
ing,
preferably,
wherein, the pitch period adjustment unit is configured to
perform adjustment on the estimated pitch period value
by means of:
searching to obtain largest-magnitude positions i, and i, of
the initially compensated signal of the first lost frame
within time intervals [0,T-1] and [T,2T-1] respectively,
wherein, T is an estimated pitch period value obtained by
estimation, and if the following condition that q, T<i,—
1;<q,T and 1,1, is less than a half of the frame length is
satisfied, wherein 0=q,=1=q,, modifying the estimated
pitch period value to i,—i,, and if the above condition is
not satisfied, not modifying the estimated pitch period
value.
19. The apparatus according to claim 13, wherein,
the frame type judgment module is further configured to,
when a second lost frame immediately following the first
lost frame is lost, judge a frame type of the second lost
frame;
the MDCT coefficient acquisition module is further con-
figured to calculate MDCT coefficients of the second
lost frame by using MDCT coefficients of one or more
frames prior to the second lost frame when the frame
type judgment module judges that the second lost frame
is a non-multi-harmonic frame;
the initial compensation signal acquisition module is fur-
ther configured to obtain an initially compensated signal
of the second lost frame according to the MDCT coef-
ficients of the second lost frame; and
the adjustment module is further configured to perform a
waveform adjustment on the initially compensated sig-
nal of the second lost frame and take an adjusted time-
domain signal as a time-domain signal of the second lost
frame,
preferably,
wherein, the adjustment module further comprises a sec-
ond waveform adjustment unit, configured to perform
a waveform adjustment on the initially compensated
signal of the second lost frame by means of:
performing overlap-add on a part M1 exceeding a frame
length of the time-domain signal obtained during the
compensation of the first lost frame and the initially
compensated signal of the second lost frame to obtain
a time-domain signal of the second lost frame,
wherein, a length of the overlapped area is M1, and in
the overlapped area, a descending window is used for
a part exceeding a frame length of the time-domain
signal obtained during the compensation of the first
lost frame, and an ascending window with a same
length as that of the descending window is used for
first M1 samples of the initially compensated signal of
the second lost frame, and data obtained by window-
ing and then adding is taken as data of first M1
samples of the time-domain signal of the second lost
frame, and data of remaining samples are supple-
mented with data of samples of the initially compen-
sated signal of the second lost frame outside the over-
lapped area,
or,
wherein, the frame type judgment module is further
configured to when a third lost frame immediately
following the second lost frame and a frame following
the third lost frame are lost, judge frame types of the
lost frames;
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the MDCT coefficient acquisition module is further con-
figured to calculate MDCT coefficients of the cur-
rently lost frame by using MDCT coefficients of one
or more frames prior to the currently lost frame when
the frame type judgment module judges that the cur-
rently lost frame is a non-multi-harmonic frame;
the initial compensation signal acquisition module is
further configured to obtain an initially compensated
signal of the currently lost frame according to the
MDCT coefficients of the currently lost frame; and
the adjustment module is further configured to take the
initially compensated signal of the currently lost
frame as a time-domain signal of the currently lost
frame.
20. The apparatus according to claim 13, wherein,
the apparatus further comprises a normal frame compen-
sation module, configured to, when a first frame imme-
diately following a correctly received frame is lost and
the first lost frame is a non-multi-harmonic frame, pro-
cess a correctly received frame immediately following
the first lost frame, wherein, the normal frame compen-
sation module comprises a decoding unit, a time-domain
signal adjustment unit, wherein,
the decoding unit is configured to decode to obtain the
time-domain signal of the correctly received frame; and
the time-domain signal adjustment unit is configured to
perform adjustment on the estimated pitch period value
used during the compensation of the first lost frame; and
perform forward overlapped periodic extension by tak-
ing a last pitch period of the time-domain signal of the
correctly received frame as a reference waveform, to
obtain a time-domain signal of a frame length; and per-
form overlap-add on a part exceeding a frame length of
the time-domain signal obtained during the compensa-
tion of the first lost frame and the time-domain signal
obtained by the extension, and take the obtained signal
as the time-domain signal of the correctly received
frame,
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preferably,

wherein, the time-domain signal adjustment unit is config-

ured to perform adjustment on the estimated pitch period
value used during the compensation of the first lost
frame by means of:

searching to obtain largest-magnitude positions i; and i,
of the time-domain signal of the correctly received
frame within time intervals [L-2T-1, L-T-1] and
[L-T,L~1] respectively, wherein, T is an estimated
pitch period value used during the compensation of
the first lost frame and L is a frame length, and if the
following condition that q,T<i,-i;<q,T and
i,—1;<[./2 is satisfied, wherein 0=q, =1=q,, modifying
the estimated pitch period value to i1,~1,, and if the
above condition is not satisfied, not modifying the
estimated pitch period value,

o,

wherein, the time-domain signal adjustment unit is con-
figured to perform forward overlapped periodic
extension by taking a last pitch period of the time-
domain signal of the correctly received frame as a
reference waveform, to obtain a time-domain signal
of a frame length by means of:

performing periodic duplication forward in time on the
waveform of the last pitch period of the time-domain
signal of the correctly received frame taking the pitch
period as a length, until a time-domain signal of a
frame length is obtained, wherein during the duplica-
tion, a signal of a length larger than one pitch period is
duplicated each time and an overlapped area is gen-
erated between the signal duplicated each time and
the signal duplicated last time, and performing win-
dowing and adding processing on the signals in the
overlapped area.
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